Abstract -Generally,internal parameters of the motors and generators can be divided to the resistance and inductance components. They can become a cause of the changing internal parameters because they have sensitive characteristics due to external conditions. The changed parameters can generate the outputs which include error values from the speed and current controllers. Also, it can bring the temperature increase and mechanical damage to the system. Therefore, internal parameters of the motors and generators need to obtain their values according to the external conditions because it can prevent the mechanical damage caused by the changed parameters. In this paper, the off-line parameter identification method is verified using the Goertzel algorithm. The motor used in the simulation and experiments is an interior permanent magnet synchronous motor (IPMSM), and the proposed algorithm is verified by the simulation and experimental results.
Introduction
Motors and generators are used in many areas such as robots, automobiles and ships which require reliability, efficiency, and precision. Motors and generators use controllers according to the purpose of the usage, and current and speed controllers are the most common controller among them. On the other hand, internal parameters of the motor and generator can be divided into the resistance and inductance components, and the current and speed controllers generate outputs according to each of the gain by internal parameters. However, these internal parameters have sensitive characteristics due to external conditions. Generally, internal temperature of motors and generators increases by the operation time, and it can change values of the internal parameters. Therefore, there is an error between the specification and actual parameters of the system, and it can bring the negative influence to the system. Also, temperature of the system can further be increased by error values of the controller, and it can generate the unbalanced power, mechanical vibration and a short-circuit between wires. Therefore, the motor control needs the information of changed internal parameters by the increased temperature for the high-efficiency control [16, 19] .
The Goertzel algorithm is a method that performs the discrete Fourier transform (DFT) from the continuous signals. Generally, the fast Fourier transform (FFT) method has shorter calculation time than the DFT method. Hence, it is used often in the signal analysis method. However, the Goertzel algorithm has an advantage in the case of detecting numbers of smaller signals because it is faster than the FFT method. Also, it is possible to implement through the micro controller unit (MCU) of the low performance specification. Therefore, the Goertzel algorithm detects the high-frequency components of the voltage and current which can also be divided into real and imaginary components and can be expressed into the magnitude and phase of the high-frequency components [1, 3, 5] .
In this paper, parameters of the interior permanent magnet synchronous motor (IPMSM) are estimated using an off-line identification method. Also, the proposed algorithm is divided into the two modes. First, the stator resistance value is estimated. Generally, the stator resistance estimation mode is a method using the relationship expression of the voltage, current and resistance. The offline parameter identification method is the estimation method in standstill, and it is applied to the d-axis current of reactive component. Second, values of the d-and q-axes inductance are estimated. The inductance estimation mode used the Goertzel algorithm, and it is method that injects a high-frequency voltage. The high-frequency voltages are generated, and are injected into the d-and q-axes. Also, the injecting high-frequency voltages are analyzed to the Goertzel algorithm [5, 12] .
Hence, the total impedance is calculated by magnitude and phase of d-and q-axis from the component of highfrequency and each of the d-and q-axis inductances is estimated by considering the iron-loss. The inductance estimation method is estimated in standstill.
The off-line parameter identification method of an IPMSM using the Goertzel algorithm verifies feasibility through the simulation and experiment. Fig. 1 shows the structure of an IPMSM. The IPMSM has different inductance of d-and q-axis depending on the length of the effective air-gap. The part having the pole in rotor is defined by d-axis, and it is flux generating direction by the field winding. The q-axis is defined to be in the direction of the electrical angle of 90° from the d-axis. Fig. 2 shows the equivalent circuit of the IPMSM structure, and the voltage equations for each d-and q-axes are shown in Eq. (1) and (2) 
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Resistance estimation using d-axis current injection
Fig . 3 shows the block diagram of the stator resistance estimation. The stator resistance estimation is composed of the coordinate transformation and current controller, and the current controller controls the current using a rotor position information obtained from an encoder.
Generally, the stator resistance can be estimated using a relationship between the voltage, current and resistance [13, 14] . However, the estimated values include the error of the nonlinear voltage curve of insulated gate bipolar transistors (IGBTs). In the case of the stator resistance estimation, the input current which is close to the rated current has to be applied since the nonlinear voltage curve should be considered [8, 9] . The stator resistance estimation is defined as
where the estimated R s is the estimated stator resistance, v de * is the d-axis synchronous reference frame voltage and i de * is the d-axis synchronous reference frame current. In this paper, the proposed method is standstill of motor. Since the d-axis current is a reactive component which is in the flux generating direction, the d-axis current close to the rated value will not generate the speed [3, 4] . Therefore, daxis reference current used the value close to rated current, and q-axis reference current used the value close to zero.
Inductance Estimation
Relationship between flux and inductance
The flux of the IPMSM is defined by the stator flux and flux by the permanent-magnet and which it is expressed as 
where L ls is leakage inductance, L m is magnetizing inductance of the d-and q-axis and L sf is inductance of permanent-magnet according to the position of rotor. Fig. 4 is d-axis equivalent circuit of inductance. i di is the iron-loss current, R i is the iron-loss resistance and i dm is the magnetizing current d-axis. Also, d-axis current is stationary coordinate and it is made up by the sum of the iron-losses current and magnetizing current. Therefore, Fig. 5 can be separated by I and II regions. I region is the magnetizing part and its slope shows linear inductance. Also, II region is the leakage part and P is the saturation point. The inductance in II region has a little value by saturation state.
Eq. (7) and (8) show the saturation and linear state of the flux by the magnetizing-current, respectively.
Eq. (8) can be redefined to (9) .
Hence, the d-axis inductance by the magnetizing current is defined by (10) .
However, the d-axis inductance of (10) does not consider iron-losses components. Therefore, iron-losses components need to be added in this equation to obtain the correct value of the d-axis inductance.
Inductance estimation using goertzel algorithm
FFT is popularly used in the signal analysis because it has a short calculation time. However, FFT requires the MCU of high-performance. On the other hand, the Goertzel algorithm is the DFT method. It has a long calculation time. However, the Goertzel algorithm has a short calculation time in the case of detecting the number of a small signal. Also, it is possible to implement through the MCU of low-performance. Table 1 shows the computation efforts of the Goertzel algorithm and FFT [19] . 
The inputs of the Goertzel algorithm are the voltage and current of either the d-axis or q-axis. Fig. 6 shows the block diagram of the Goertzel algorithm [1] [2] [3] [4] [5] .
In this paper, high-frequency is injected because the parameters are estimated in the standstill. Hence, the voltage and current include high-frequency. Eq. (11) 
where, θ hf is angle of the high-frequency and V Mag,hf is the magnitude of high-frequency signal. The inputs of the Goertzel algorithm are the voltage and current including the high-frequency. The Goertzel algorithm can obtain the real and imaginary components from the signal including high-frequency, and which analyzes the continuous signal during the sampling number N. Hence, the outputs show the real and imaginary components. Also, the Goertzel algorithm can be indicate the magnitude and phase by the real and imaginary components, and the output is the same with an input highfrequency. However, the Goertzel algorithm includes errors in the magnitude and phase information because they include error values by N and the discrete time delay. Therefore, the Goertzel algorithm is required for selecting the appropriate number N, and it needs to consider error values of the discrete time delay.
However, in this paper, the voltage and current of the proposed Goertzel algorithm have the same time delay. Also, the better resolution can be obtained with the higher N, and N is selected from 50 to 100 considering the calculation time of a Texas Instruments TMS320F28335 digital signal controller (DSC) is used as the MCU.
To estimate the inductance, Inputs of the Goertzel algorithm are each of the current (I ds , I qs ) and voltage (V ds , V qs ) which contain high-frequency components. Inputs, in the case of the d-axis inductance estimation, are the d-axis stationary reference frame current and voltage, and are the q-axis stationary reference frame current and voltage in the case of the q-axis inductance estimation. The outputs of the Goertzel algorithm are the real and imaginary components as shown in Fig. 6. Fig. 7 shows the simulation results of the Goertzel algorithm and the extracted voltage and current consist of only the frequency component of 1000 [Hz] .
By using the real and imaginary components [4, 5] , the magnitude (I Mag,hj , V Mag,hf ) and phase (θ I,hf , θ V,hf ) are calculated as ( ) ( ) ( )
Mag hf 
where, cos=cos(θ hf / dt), cos2=2×cos, and sin=sin(θ hf / dt). Also, the magnitude of (12) 
V Dead is the compensation voltage of the dead time, and it is defined as
where V DC is the DC link voltage, and T sw is the switching period. Also, T dead is the dead time and it was set 2 [μsec] [12] . The total impedance (Z) can obtain from the magnitude and the phases of the voltage and current in the Goertzel algorithm. The total impedance (Z) can be divided into the resistance (Z R ) and inductance (Z ωL ) as shown in Fig. 8 . Therefore, the magnitude (Z Mag ) and phase (θ Z ) of the total impedance is defined as , , , , ,
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The impedance of the real and imaginary components is defined as 
The iron-loss is defined by (18) from the magnitude and phase of the impedance, and it is used to define the inductance by (19) [5] [6] [7] .
( )
,( Fig. 9 shows the total block diagram of the proposed parameter estimation method.
Simulation and Experimental Results
Simulation
The simulation is performed using the PSIM tool. The rated power, speed and current (RMS) of the motor are 11 Table 2 shows parameters of the proposed parameter identification method, and Table 3 shows the motor specifications. The daxis reference currents are values close to the rated value in the case of the resistance estimation. However, d-and qaxes reference current are values close to zero in the case of the inductance estimation which applies the reference voltage of the high-frequency.
Also, the Goertzel algorithm can obtain better resolution by an increasing number of sampling, and outputs can bring better exact values. The simulation results of Fig. 10 select the frequency of 1000 [Hz] and the number of the sampling is 50.
In this paper, the proposed off-line parameter identification method was performed the simulation for the right calculation amount of MCU. Hence, the simulation was performed in the same condition as the experiment, and the validity of the proposed algorithm was verified by the simulation. Fig. 10 shows the simulation result of the proposed parameter identification method. It shows estimated results of both resistance and inductance and these estimation modes can be checked through a flag sequence. The error range of parameter estimation is set to 5 [%] . If the flag sequence is 1, the proposed method of parameter identification estimates the value of stator resistance. Also, if the flag sequence is 2, the proposed method of parameter identification estimates the values of d-and qaxes inductance. The value of the estimated stator resistance can be retained during estimating mode of inductance. Further, estimating mode of inductance using an estimated value of stator resistance is conducted by using the highfrequency voltage and output of goertzel algorithm. Fig. 11 shows the comparison result of the estimation performance according to the changing high-frequency. Fig. 11(a) is the case of d-axis, and (b) is the case of qaxis for the range of the changing frequency from 100 [Hz] to 1000 [Hz] . The d-axis inductance was the verified approximated value in the case of injected components of from 100 to 300 [Hz] , and the q-axis inductance was verified approximated value in the case of components ranging from 500 [Hz] to 1000 [Hz] . The performance of the Goertzel algorithm is determined by the high-frequency and the number of sampling. Therefore, the high-frequency is set such that it does not cause any influence to the fundamental frequency.
Also, the Goertzel algorithm can obtain better resolution by an increasing number of sampling, and outputs can bring better exact values.
In this paper, the proposed off-line parameter identification method was performed the simulation for the right calculation amount of MCU. Hence, the simulation was performed in the same condition as the experiment, and the validity of the proposed algorithm was verified by the simulation. Fig. 12 shows the experimental set of a three-level NPC inverter, control board and M-G set. Fig. 13 shows the resistance estimation. The estimated resistance values are used for the inductance estimation. Therefore, it should be an accurate estimation. Also, the MCU must consider the calculation time because it exceeds the calculation amount by the size of the array from the Goertzel algorithm. high-frequency voltage, and also show the outputs of the analyzed result of the high-frequency voltages from the Goertzel algorithm. Fig. 15 shows the estimated d-and q-axes inductance. Fig. 15(a) In this paper, the proposed parameter identification method in standstill was verified through the experimental results.
Experimental results
Conclusion
The proposed algorithm is divided into two modes in this paper. First mode estimates the stator resistance values and second mode estimates the inductance values. The stator resistance was estimated exactly in the first mode using a relationship between the voltage, current and resistance, and the first mode injects the d-axis current of the reactive component. Also, the q-axis current is the value close to zero. Hence, the d-axis reference current was set to the value close to the rated current, and the q-axis reference current was set to the zero value because the motor and generator are at standstill.
On the other hand, the second mode injected the highfrequency voltage, and analyzed the voltage and current of the d-and q-axes by the Goertzel algorithm. Hence, the second mode estimates the total impedance using a magnitude and phase of the high-frequency components. Also, this mode can obtain the iron-loss using an estimated total impedance, and it estimates inductance of the d-and q-axes using an outputs of the Goertzel algorithm.
In this paper, the performance of the proposed algorithm has been validated through the simulation and experimental results. 
